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PATIENTS AND METHODS
Thirteen patients were admitted to the University
Hospital of Lausanne between July 1998 and August
2000 with acute limb ischemia caused by thrombosis of a
popliteal aneurysm. Medical records and imaging studies
were reviewed. The duration of ischemia was evaluated by
means of patient history. The degree of ischemia was
assessed according to the TransAtlantic Inter-Society
Consensus.18 The presence of a popliteal aneurysm was
suspected preoperatively in patients with a wide popliteal
pulse on the contralateral side or a history of bypass graft-
ing or amputation for a popliteal aneurysm.
All patients underwent emergency arteriography and
thrombolysis. Initial arteriography was performed
through the contralateral common femoral artery, and a
straight, multihole 4F catheter (Royal Flush Plus, Cook,
Bjaeverskov, Denmark) was guided by means of a
crossover maneuver into the superficial femoral artery of
the ischemic limb. The standard technique was to embed
the catheter first in the distal part of the aneurysm. A
bolus of 200,000 IU of urokinase (Medac, Hamburg,
Germany) was administered as an intrathrombus “lacing”
while the catheter was retracted to shorten the duration of
lytic therapy. Then, the catheter tip was placed within the
proximal thrombus for continuous infusion of 75,000
IU/h of urokinase (75,000-100,000 IU/h) and advanced
distally according to the progression of lysis. Thus, a chan-
nel through the thrombus was created from which plasmin
activated by effluent urokinase was continuously flushed
into the peripheral vascular system. Simultaneously, intra-
venous heparin (15,000 IU/24 h) was given during lysis.
Patients were admitted to the intermediate care unit for
monitoring, which consisted of continuous noninvasive
An acute lower ischemic limb after popliteal aneurysm
thrombosis represents a challenging problem and an
emergency situation. Limb-threatening ischemia develops
in 17% to 46% of patients with a popliteal aneurysm.1-7
There is no controversy about the need for revasculariza-
tion; however, there are different strategies of establishing
reperfusion. There is an important risk of minor and
major amputation in 20% to 44% of patients, despite
emergency bypass grafting.1,7-9 This is mainly attributed
to distal embolization in the peripheral vascular tree with
disastrous runoff at the time of surgery.8-10 For the first
time, in 1984, intra-arterial catheter-directed thromboly-
sis was successfully attempted by restoring the outflow
before surgical revascularization.11 Since then, various
studies demonstrated markedly improved outcomes, with
a limb salvage rate as high as 100% with the combined
treatment.2,4-6,8,11-17 This retrospective study analyzed
the impact of preoperative lytic therapy on angiographic
and clinical outcomes in 13 consecutive patients with an
acutely thrombosed popliteal aneurysm and compared
the results with those in the literature.
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Purpose: Acute limb ischemia after thrombosis of a popliteal aneurysm is a distinct and limb-threatening entity.
Preoperative intra-arterial thrombolysis may improve the outcome in this challenging situation. This study retrospec-
tively analyzed a consecutive series of patients treated with preoperative thrombolysis and subsequent revascularization.
Methods: Thirteen patients with acute limb ischemia caused by thrombosis of a popliteal aneurysm underwent catheter-
directed intra-arterial thrombolysis with urokinase and subsequent vascular reconstruction. The angiographic and clin-
ical outcome was analyzed and compared with that in the literature.
Results: Complete aneurysm thrombosis with absence of runoff was documented in 12 cases. Thrombolysis restored
perfusion with patency of the popliteal artery and a one- or two-vessel runoff in 77% of cases (10/13). Early cumula-
tive graft patency and limb salvage rates were 68% and 83%, respectively, with an ankle/brachial index of 0.8 ± 0.2.
Lytic failure followed by attempts at bypass grafting was present in three patients (23%) and resulted in above-knee
amputation. Severe rhabdomyolysis and fatal pulmonary embolism were responsible for a 15% early mortality rate.
Conclusion: Preoperative thrombolysis followed by bypass grafting is a valid treatment option for patients who can
withstand an additional period of ischemia that does not require immediate revascularization and intraoperative lysis.
Lytic failure identifies patients with a highly compromised runoff who are probably best treated by means of subse-
quent amputation, without any attempts at bypass grafting. (J Vasc Surg 2002;35:487-93)
blood pressure measurements and quantification of diure-
sis. The clinical status of the lower limb, the puncture site,
and the patient’s consciousness was assessed every hour.
After 6 to 12 hours, arteriography was repeated. The
guidewire was passed through the aneurysm, and the
catheter tip was repositioned into the distal non-dilated
part of the popliteal artery, allowing urokinase perfusion
of the tibial arteries. Lysis was considered to be successful
and was terminated when a significant improvement of the
distal vascularization was demonstrated by means of fol-
low-up arteriography. Runoff was assessed on the number
of tibial arteries in continuity with the pedal arch by means
of angiography. Isolated segments of tibial arteries or
major collaterals were not considered to be an appropriate
runoff. The criterion for angiographic improvement was
visualization of at least one tibial artery. Lysis was inter-
rupted when the patient’s clinical status deteriorated or
other major complications occurred. The criteria for dete-
rioration were oliguria, hypotension, or alteration of con-
sciousness. Hemorrhage requiring transfusion or the
evacuation of a hematoma or a compartment syndrome
were considered to be major complications.
The surgical procedure consisted of aneurysm exclu-
sion (proximal and distal ligation) and bypass grafting with
an end-to-side spatulated anastomosis by using the
reversed greater saphenous vein or, alternatively, an
expanded polytetrafluoroethylene prosthesis (Impra,
Tempe, Ariz) in the absence of a vein conduit. The indi-
cation for fasciotomy was made on the basis of a clinical
assessment, and all four compartments were decom-
pressed.
Bypass grafts were assessed during hospitalization and
at regular intervals with duplex ultrasound scanning and
ankle/brachial index (ABI) measurements.
RESULTS
Patient characteristics. The mean age of the patients
was 76 ± 10 years, and the man-to-woman ratio was 11 to
2. Six patients (46%) had bilateral popliteal aneurysms. Two
patients had a bypass graft, and one patient had an amputa-
tion for a popliteal aneurysm of the contralateral site. The
duration of ischemia before admission was less than 6 hours
for six patients and between 24 and 36 hours for another six
patients. One patient with limb ischemia of category I18 sus-
tained prolonged ischemia for 7 days. Twelve patients (93%)
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Fig 1. Initial arteriography of a 92-year-old patient with acute
limb ischemia caused by thrombosis of a popliteal aneurysm
showing occlusion of the popliteal artery and absence of runoff.
Fig 2. Recanalization of the popliteal and peroneal artery is
demonstrated 29 hours after intra-arterial catheter thrombolysis
with a total of 2,375,000 IU of urokinase.
had ischemia of category IIa, with a marginally threatened
extremity and slight sensomotoric disturbance (numbness).
One patient (7%) had severe ischemia of category IIb, with
an immediately threatened limb including anesthesia, rest
pain, and muscle weakness. The median duration of lysis was
32 ± 15 hours with an infusion of a medium total dose of
2,400,000 ± 880,000 IU of urokinase.
Angiographic findings. The mean maximal diameter
of the aneurysms measured by means of duplex ultrasound
scanning was 21 ± 3 mm. Initial arteriograms of the
ischemic limbs all showed severe alteration of the distal
runoff (Table I and Fig 1). Occlusion of the popliteal
artery was present in 12 cases, with absence of any tibial
vessel in 10 of these cases. Thrombolysis resulted in a
patent popliteal artery with a one- or two-vessel runoff in
77% of the cases (10/13; Table I; Fig 2). Persistent
absence of outflow despite lysis (lytic failure) was noted in
three cases (23%; Table II).
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Lytic failure. The significance of lysis as a predictor
of outcome is demonstrated in Fig 3. Lytic failure resulted
in amputation, bypass graft occlusion, or death. A 86-year-
old patient with severe comorbidities and advanced limb
ischemia of category IIb with an estimated ischemic time
of 18 hours had lytic failure after 6 hours of lysis. Despite
subsequent bypass grafting and fasciotomy, rhabdomyoly-
sis progressed, and the prosthetic bypass graft occluded.
He refused amputation and died on postoperative day 6.
Another patient with limb ischemia of category IIa had no
improvement demonstrated by means of angiography,
despite an increased dosage of urokinase from 75,000 to
100,000 IU/h. Ischemia progressed rapidly, making a sur-
gical revascularization futile. To avoid life-threatening
reperfusion injury, a subsequent above-knee amputation
was performed in this 92-year-old patient. An attempt at
bypass grafting and fasciotomy could not prevent sec-
ondary above-knee amputation in an 84-year-old patient
Table I. Treatment and results of thrombolytic therapy in 13 patients with acute thrombosis of a popliteal aneurysm
Pre-lysis arteriogram Post-lysis arteriogram
Patient age Degree of Patency: Patency: Duration of Total dose given Patency: Patency:
(y) ischemia popliteal tibial lysis (h) (106 IU) popliteal tibial
65 IIa – – 48 3.85 + AT
84 IIa – – 24 2.05 – –
74 IIa – – 36 2.95 + PA
92 IIa – – 29 2.425 + PA
79 IIa – PA 48 3.85 + PA
74 IIa – – 30 2.5 + PA
65 IIa – AT 20 1.75 + PA, PT
69 IIa – AT 48 3.85 + AT with stenoses
92 IIa – – 48 3.85 – –
71 IIa – – 48 3.85 + PT
70 IIa Partially patent – 24 2.05 + PA
86 IIb – – 18 1.6 – –
66 IIa – – 20 1.75 + PA
AT, Anterior tibial artery; PA, peroneal artery; PT, posterior tibial artery.
Table II. Thrombolysis and subsequent procedures in 13 patients with acute thrombosis of a popliteal aneurysm
Patient age Proximal Distal Outcome
(y) Thrombolysis Subsequent procedure Conduit anastomosis site anastomosis site (ABI)
65 Distal embolization Bypass grafting RSV SFA bkPOA 0.7
84 Failure, no runoff Bypass grafting and fasciotomy RSV SFA bkPOA Secondary amputation
74 Successful Bypass grafting PTFE SFA bkPOA 0.85
92 Successful Bypass grafting RSV SFA bkPOA 1
79 Successful Bypass grafting and fasciotomy RSV SFA PA 0.7
74 Successful Bypass grafting RSV CFA PA 1
65 Successful Bypass grafting RSV SFA bkPOA 1
69 Reocclusion Bypass grafting RSV SFA AT 0.4
92 Failure, no runoff Primary amputation – – – Limb loss
71 Successful Anticoagulation – – – 0.6
70 Successful Endoprosthesis – – – 0.8
86 Failure, no runoff Bypass grafting and fasciotomy PTFE SFA bkPOA Rhabdomyolysis, death
66 Successful Bypass grafting RSV SFA bkPOA Pulmonary 
embolism, death
RSV, Reversed saphenous vein; PTFE, polytetrafluoroethylene; CFA/SFA, common/superficial femoral artery; ABI, ankle/brachial index; bkPOA, below-
knee popliteal artery; AT, anterior tibial artery; PA, peroneal artery.
who had limb ischemia of category IIa, but failed to
respond to lysis.
Complications of lysis. There were no hemorrhagic
complications. One patient had multiple 50% stenoses of
the proximal segment of the anterior tibial artery as a sin-
gle runoff vessel. After restoration of limb perfusion by
means of lysis, the patient had reocclusion of the popliteal
artery, and thrombolysis was successfully reinstituted. He
underwent venous bypass grafting twice. Both grafts
failed, probably because of insufficient runoff because the
distal anastomosis was performed to the origin of the ante-
rior tibial artery. In another patient, increasing pain in the
lower limb caused by embolization during lysis required
early discontinuation followed by successful venous bypass
grafting.
Revascularization and early outcome. Ten patients
underwent subsequent bypass grafting (Table II; Fig 3),
and oral anticoagulation was administered thereafter. A
reversed saphenous vein was used in eight patients, and a
prosthetic conduit was used in two patients. The below-
knee popliteal artery was selected in seven cases and a tib-
ial vessel in three cases as the site of the distal anastomosis.
In seven patients, the procedures were successful, resulting
in a median ABI of 0.8 ± 0.2 (range, 0.4 to >1). There
were four bypass graft occlusions in three patients because
of insufficient runoff. One patient with a venous conduit
and one with a prosthetic conduit had lytic failure with
absence of runoff. The third patient had multiple stenoses
of the anterior tibial artery as the only patent vessel. He
underwent venous bypass grafting two times. Both grafts
failed. Patency and limb salvage rates at 1 month were 68%
and 83%, respectively. The early mortality rate was 15%
(2/13), including one patient with advanced limb
ischemia of category IIb, lytic failure, and rhabdomyolysis.
The other patient had popliteal vein thrombosis caused by
compression by the aneurysm, and she sustained a fatal
pulmonary embolism postoperatively despite therapeutic
administration of heparin and successful vascular recon-
struction.
A conservative approach after lysis was chosen in two
patients. One had metastatic cancer, and anticoagulation
was instituted. The other was scheduled for aortocoronary
bypass grafting and repair of an abdominal aortic aneurysm.
He was treated with a popliteal endoprosthesis (Jostent,
diameter 4-9 mm, Jomed, Rangendingen, Germany).
Late outcome. The mean follow-up period was 15 ±
9 months. Eight patients (73%) died during follow-up for
varying reasons unrelated to the intervention. The cumu-
lative patency rate at 1 year was 46% because of three with-
drawals because of death. There were no amputations in
the follow-up period. After 2 years, only three patients
were alive. Two venous bypass grafts and the only
popliteal endoprosthesis that was implanted in this study
were patent, with a mean ABI of 0.7 ± 0.4.
Table III presents a review of the literature. These
studies included only a limited number of patients and
reported excellent patency and limb salvage rates. The pre-
ferred lytic agent in the more recent studies was urokinase.
Hemorrhagic complications and lytic failure were rare.
DISCUSSION
Acute limb ischemia caused by thrombosis of a
popliteal aneurysm represents a distinct clinical entity with
life-threatening potential. The characteristics consist of a
sudden onset of ischemia in the absence of a collateral net-
work and a reperfusion syndrome after revascularization.
Therefore, it differs in clinical manifestation, treatment,
and outcome from chronically occluded popliteal aneur-
ysms with progressive claudication. Acute thrombosis of a
popliteal aneurysm without any attempts at revasculariza-
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Fig 3. Results of thrombolysis as a predictor of outcome. Lytic failure resulted in amputation, bypass graft
occlusion, and death. ntotal = 13 patients.
tion results in an above-knee amputation rate as high as
43%.4,5,7,8,12,19-24 Despite emergency bypass grafting, a
major amputation is necessary in 16% to 44% of patients
within the first month after revascularization.8,9,20,22-25
These findings are in contrast with the literature review of
studies using preoperative lysis and our study results that
demonstrated limb salvage rates of 73% to 100%3,8,10,19;
however, these reports included only a small number of
patients. The rationales for preoperative lysis are restora-
tion of a maximal runoff, low-pressure reperfusion, and
demarcation of underlying vascular pathologies. A good
quality of runoff at the time of surgery has been associated
with high graft patency and limb salvage rates.8-10,20
However, even in the presence of a suboptimal runoff,
excellent long-term results were achieved.3,20 Acute
thrombosis of a popliteal aneurysm is associated with a
complete lack of runoff, as demonstrated by means of our
report and others.2,11,16,17 Preoperative lysis proved to be
highly efficient by clearing the complete vascular system,
including the collaterals, from clot and restoring a one- or
two-vessel runoff in most of the cases.2,8,11,16,17 On the
contrary, embolectomy as the only tool for clearing the
runoff left a residual clot in the tibial arteries in 30% of the
patients.26 The additional use of intra-arterial thromboly-
sis after embolectomy improved the runoff.27-29
Thrombolysis has the additional advantage of low-pres-
sure reperfusion of the ischemic limb mitigating the reper-
fusion injury, whereas high-pressure reperfusion after
surgical thrombectomy is abrupt and can result in an
immediate systemic load of potassium, lactate, and myo-
globin.30 Lysis also enables the preoperative selection of
the most appropriate outflow vessel for grafting. The dis-
tal anastomosis in our series was located predominantly at
the popliteal artery, which is consistent with the findings
in the literature.17 However, sometimes a more distal
anastomosis is required and was performed in three of 10
patients in our study.
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In this study, we observed lytic failure in 23% of the
patients, a number that is consistent with that found in the
literature.4,5,13 Lytic failure results imperatively in above-
knee amputation with or without subsequent attempts of
bypass grafting.4-6,12 Although a single study showed no
limb loss after lytic failure,13 these patients had ischemic
symptoms for more than 10 days, probably because of
chronic aneurysm occlusion with progressive claudication
rather than acute limb ischemia. The percentage of lytic
failure with persistent absence of runoff indicating the
need for a subsequent amputation was 23% in our study.
This percentage is lower than the reported 44% of major
amputations after emergency bypass grafting for acute
popliteal aneurysm thrombosis; however, any statistical
calculation is excluded for methodical reasons. Lytic fail-
ure indicates a highly compromised distal runoff, probably
caused by chronic microembolization.9,10 A total of 90%
of patients with a popliteal aneurysm have a distinctly
abnormal tibial vascularization.10 A reduction in outflow
with a single-vessel runoff was identified in 22% to 38% of
patients, and absence of any tibial vessels in continuity
with the pedal arch was identified in as many as 17% of
patients with a popliteal aneurysm.3,10 Complete oblitera-
tion of the tibial arteries with thrombosis of the aneurysm
was even noted in 34% of patients.9 Acute thrombosis of
the aneurysm in critical limb ischemia may culminate in
irreversible limb loss. Neither lysis4,5,13 nor embolectomy
and bypass grafting9,20,23,25 are capable of restoring per-
fusion in this situation. Attempts at bypass grafting after
lytic failure inevitably result in bypass graft occlusion that
requires prompt amputation, as demonstrated by means of
our study. The identification of these patients by lytic fail-
ure is the principal advantage of preoperative lysis. They
are probably best treated with amputation, thereby avoid-
ing attempts at bypass grafting. Moreover, these elderly
patients are medically unfit, with an extremely short life
expectancy.1,19,23,31 Our relatively low early and late graft
Table III. Review of the literature with the combined treatment of preoperative lysis and surgical revascularization for
acute thrombosis of popliteal aneurysms
Number Lytic Hemorrhagic Failure Mortality Early graft Limb salvage
Author Year of patients agent complications (%) (%) patency (%)
Schwarz11 1984 1 SK 0 0 0 100 100
Ferguson12 1986 10 SK ? ? 0 ? 70
Bowyer13 1990 9 SK 2 major, 2 minor 33 11 100 100
Thompson14 1993 6* SK and r-tPA 0 0 0 100 100 at 30 d
Ramesh5 1993 12 SK and r-tPA 3 major 17 0 ? 83 at 18 mo
Carpenter8 1994 7 including 1* SK and UK 0 0 0 100 100 at 62 mo
Varga4 1994 18 including 9* ? 0 11 0 73 73 at 30 d
Garramone15 1994 3 UK 0 0 0 100 100
Hoelting2 1994 9 UK 2 local bleedings 0 100 100 at 5 y
Debing16 1997 2 UK 0 0 0 100 100 at 5 y
Taurino6 1997 8 ? 0 13 ? ? 87
Greenberg17 1998 6 including 1* r-tPA 0 0 0 83 100 at 2 y
Present study 2001 13 UK 0 23 15 68 83 at 30 d
*With intraoperative lysis.
r-tPA, Recombinant tissue plasminogen activator; SK, streptokinase; UK, urokinase.
patency rates compare unfavorably with the literature
review in Table III and are mainly the consequence of the
high number of grafts that were withdrawn because of
death. After 2 years, more than two thirds of our patients
died of their comorbidities. Our patients were in their
mid-seventies with probably more severe comorbidities
and a more critical runoff than the patients of the litera-
ture review, who were in their mid-sixties. Another expla-
nation for the lower patency rate is probably the selection
of patients. We analyzed a consecutive series, whereas the
literature review consisted of case reports or small series of
probably highly selected patients.
Thrombolysis has an inherent risk of hemorrhagic
complications.28,32-34 However, such complications have
rarely been observed in acute thrombosis of popliteal
aneurysms2,13 and were absent in this study because the
contraindications for lytic therapy were respected.34,35 A
characteristic lytic complication in the presence of a
popliteal aneurysm is distal embolization. The symptoms
are increasing pain or an imminent compartment syn-
drome. It requires increased administration of urokinase
and, eventually, a more distal positioning of the catheter.
Lysis was discontinued and followed by immediate bypass
grafting in this study. We did not observe massive
embolization with acute limb deterioration during lysis;
however, you have to be aware of this complication.12,36
Thrombolytic therapy requires a limb capable of with-
standing an additional period of ischemia. The indications
are restricted to limb ischemia of category I (viable, not
immediately threatened) and IIa (marginally threatened,
with minimal sensory loss). Advanced limb ischemia with
sensory loss, muscle weakness, or rest pain (categories IIb
and III) are considered to be contraindications.16,18 Acute
thrombosis of a popliteal aneurysm puts the limb in severe
danger because of the absence of a collateral network.
Patients with a popliteal aneurysm have relatively large
vessels. Arteriosclerotic alterations are usually not pro-
nounced. Advanced limb ischemia with muscle weakness
(category IIb) is a limb-threatening condition in the
absence of a collateral network, which does not allow for
any delay in revascularization. However, in this study,
thrombolysis was tried in a patient with limb ischemia of
category IIb because of advanced age and severe comor-
bidities. Unfortunately, the consequences were fatal, with
progressive rhabdomyolysis and renal failure. Patients with
limb ischemia of category IIb or III are best treated with
emergency bypass grafting in combination with intraoper-
ative lysis and fasciotomy.4,14
A relative contraindication not yet mentioned in the
literature is the concomitant thrombosis of the popliteal
vein as a consequence of compression by the aneurysm.
The systemic lytic effect33 may induce fragmentation and
disengagement of the thrombus from the venous wall.
Operative manipulations in the popliteal fossa can provoke
detachment of the thrombus. One of our patients died of
pulmonary embolism, probably originating from the
popliteal vein, after revascularization, despite the thera-
peutic administration of heparin. We recommend either
the implantation of a temporary cava filter before surgery
or delayed bypass grafting after lysis. The combination of
intravenous systemic lysis simultaneously with intra-arterial
lysis in the treatment of a concomitant popliteal vein
thrombosis carries a high risk of major hemorrhagic com-
plications, and we do not recommend it. Rhabdomyolysis
and renal failure after severe limb ischemia and pulmonary
embolism, probably originating from a concomitant
popliteal venous thrombosis, both were responsible for
the relatively high early mortality rate in our study.
In conclusion, the combined treatment of lysis and
subsequent bypass grafting in patients with acute limb
ischemia after thrombosis of a popliteal aneurysm is a valid
treatment option. The indication for thrombolysis is
restricted to patients who can withstand an additional
period of ischemia. Patients with advanced limb ischemia
are better treated with immediate revascularization and
intraoperative lysis. Patients with a concomitant popliteal
vein thrombosis require a modified treatment with
implantation of a cava filter or delayed bypass grafting
surgery. Lytic failure identifies patients with a highly com-
promised runoff precluding bypass grafting surgery. These
patients are probably best treated with subsequent ampu-
tation, without any attempts at bypass grafting.
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